(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) Worid Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
27 November 2003 (27.11.2003) 




(10) International Publication Number 

PCT WO 03/097104 Al 



(51) International Patent Classification^: A61K 47/48, 

49/00 

(21) International Application Number: PCT/GB03/02096 

(22) Intemational FlUng Date: 14 May 2003 (14.05.2003) 
(25) Filing Language: English 
(2Q Publication Language: English 



(30) Priority Data: 

0211136.7 



15 May 2002 (15.05.2002) GB 



(71) Applicant (for all designated States except US): UNIVER- 
SITY COLLEGE LONDON [GB/GB]; Royal Free Cam- 
pus, Rowland Hill Street, London NW3 2PF (GB). 

(72) Inventors; and 

(7^ Inventors/AppUcants (for US only): PEPYS, Mark, B. 
[GB/GB]; 22 Wildwood Road, London NWU CTB (GB). 
LEY, Steven, Victor [GBA3B]; 12 Wordsworth Giove, 
Cambridge CB3 9HH (GB). COBB, Alexander, John, 
Andr^ [GB/GB]; 72 Mannet Avenue, Letchworth Ganlen 
City, Herts SG6 4QF (GB). 

(74) Agents: DANIELS, Jeffrey, Nicholas et al.; Page White 
& Fairer, 54 Doughty Street, London WCIN 2LS (GB). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ. BA, BB. BG, BR, BY, BZ, CA, CH. CN, CO, CR, CU, 
CZ, DE, DK. DM. DZ, EC, EE, ES. H, GB, GD, GE, GH, 
GM. HR, HU, ID. XL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU. LV, MA, MD, MG. MK, MN, MW, 
MX, MZ, NO, NZ, CM, PH, PL, PT, RO, RU, SC, SD, SE, 
SG, SK, SL. TJ, ™. TN, TR, TT. TZ, UA, UG, US, UZ, 
VC, VN, YU. ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE. LS. MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE. BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB. GR, HU, IE, IT, LU. MC. NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ. CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the ''Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



< 



0\ (54) Title: TREATMENT AND PREVENTION OF TISSUE DAMAGE 

^2 (57) Abstract: An agent for use in medicine, which agent comprises a plurality of ligands covalently co-linked so as to form a 
complex with a plurality of C-reactive protein (CRP) molecules in the presence thereof, wherein (i) at least two of the ligands are 
Q the same or different and are capable of being bound by ligand binding sites present on the CRP molecules; or (ii) at least one of the 
^ ligands is capable of being bound by a ligand binding site present on a CRP molecule, and at least one other of the ligands is capable 
^ of being bound by a ligand binding site present on a serum amyloid P component (SAP) molecule. 
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Treatment and Prevention of Tissue Damage 
Field of the Invention 

The present invention relates to a method for the treatment 
or prevention of tissue damage in a subject, especially a 
human subject having an inflammatory and/or tissue damaging 
condition- Compounds are provided for the treatment or 
prevention of such tissue damage by virtue of their capacity 
to inhibit binding of C-reactive protein (CRP) to autologous 
and extrinsic ligands in vivo. 

Background to the Invention 

C-reactive protein (CRP) is a normal plasma protein of the 
pentraxin protein family, the other member of which is the 
very closely similar molecule, serum amyloid P component 
(SAP) (1) . CRP is the classical acute phase protein, the 
circulating concentration of which increases dramatically in 
response to most forms of inflammation, tissue injury and 
infection, and the value attained in most conditions 
correlates closely with the extent and activity of 
disease (2). CRP is a calcium dependent ligand binding 
protein, the ligand which it binds with highest affinity 
being phosphocholine residues (3), but it also binds a 
variety of other ligands. It binds many of its ligands with 
high avidity. Known ligands for CRP include both autologous 
and extrinsic structures. Autologous ligands include 
native (4, 5) and modified plasma lipoproteins, damaged cell 
membranes (6) , a number of different phospholipids and 
related compounds ( 7 ) , and small nuclear ribonucleoprotein 
particles (8, 9) . Extrinsic ligands include many glycan, 
phospholipid and other components of micro-organisms, such 
as capsular and somatic components of bacteria, fungi and 
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parasites, as well as plant products (10-15) . When CRP has 
bound to its ligands it becomes capable of activating 
complement by the classical pathway via Clq (16-19) and 
achieving activation and fixation of C3, the main adhesion 
molecule of the complement system(20, 21) , as well as 
engagement of the terminal lytic phase, C5-C9(22). 

Whilst very early clinical work (23) suggested that CRP might 
possibly contribute to inflammation, and subsequent 
experimental animal studies were interpreted as showing a 
pro-inflammatory role for CRP, there has until lately been 
no direct evidence of any involvement of CRP in processes of 
inflammation and tissue damage. There are a few reports of 
CRP deposition in inflammatory and necrotic tissue lesions, 
and of association between CRP and complement activation (24- 
30) . However none of these studies shows directly that CRP 
is responsible for tissue damage, and the only study of real 
time CRP deposition in human tissues in living patients 
showed that it occurred only in trace amounts, if at 
all (31). Indeed the published work that directly examines 
the role of CRP in experimental models of disease indicates 
that CRP may have an anti-inflammatory role that 
down-regulates infiltration of inflammatory cells and 
reduces tissue damage (32, 33) . This would be consistent with 
the finding that complexed CRP is relatively inefficient at 
generating the terminal phase of complement activation and 
that involvement of CRP down-regulates other potentially 
inflammatory aspects of complement activation (34, 35) • Very 
recent work in different models involving handling of 
apoptotic cells also indicates that CRP has anti- 
inflammatory properties (36) • There is thus certainly no 
consensus about the role of CRP in vivo and the predominant 
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view is that it may be anti-inflammatory. In general the 
association of increased CRP production with disease 
conditions has hitherto been interpreted on the basis that 
CRP production reflects the severity of the underlying 
disease and/or the presence of intercurrent complications. 
However we have lately demonstrated unequivocally that CRP 
can exacerbate ischaemic tissue damage in vivo, via a 
complement dependent mechanism, and established that 
inhibition of CRP binding in vivo is a potentially important 
therapeutic goal (37). This is the subject of US patent 
application serial number 0119370.5, the contents of which 
are hereby incorporated by reference. 

Atherosclerosis is extremely prevalent in developed 
countries and its major complications of myocardial 
infarction and stroke together account for about one third 
of all deaths. Although there have been advances in 
understanding of some aspects of pathogenesis and in 
prophylactic and post-event salvage treatments, the 
personal, social and economic burden of these conditions 
remains enormous. Similarly, chronic inflammatory diseases 
of unknown aetiology are common, debilitating, expensive and 
often dangerous to treat symptomatically, as well as being 
incurable and. often shortening life expectancy. For 
example, rheumatoid arthritis affects about 4% of the 
population over the age of 50 years and, as well as being 
painful and causing severe disability, it is associated with 
significant premature mortality. The cancer burden is very 
heavy, accounting for about one third of . all deaths in 
developed countries, and the severity and importance of 
infectious disease throughout the world is evident. There 
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is a pressing need for new drugs to reduce severity and to 
prolong survival in all these different conditions. 

Summary of the Invention 

Accordingly, in a first aspect, the present invention 
provides an agent for use in medicine, particularly for the 
preparation of a composition for the treatment or prevention 
of tissue damage in a subject having, an inflammatory and/or 
tissue damaging condition. The agent comprises a plurality 
of ligands covalently co-linked so as to form a complex with 
a plurality of C-reactive protein (CRP) molecules in the 
presence thereof. At least two of the ligands are the same 
or different and are capable of being bound by ligand 
binding sites present on the CRP molecules . Alternatively, 
at least one of the ligands is capable of being bound by a 
ligand binding site present on a CRP molecule, and at least 
one other of the ligands is capable of being bound by a 
ligand binding site present on a serum amyloid P (SAP) 
molecule. 

Surprisingly, it has been found that agents according to the 
present invention are potent in inhibiting ligand binding to 
CRP. It has been shown that CRP plays a direct pathogenetic 
role in a disease condition, specifically by enhancing the 
extent of myocardial damage produced by ischaemic injury. 
This pathogenetic role can be treated or prevented by the 
use of a drug capable of inhibiting the binding of CRP to 
its target ligand in vivo. Without wishing to be bound by 
theory and as described in further detail herein, it is 
thought that the inhibition of binding of CRP to its target 
ligand in vivo would prevent CRP from activating complement 
and thereby reduce or eliminate the deleterious effects of 
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CRP mediated complement activation now thought responsible 
for tissue damage in the conditions to be treated according 
to the present invention. 

In one embodiment according to the invention, the 
inflammatory and/or tissue damaging condition comprises 
atherosclerosis . 

Whilst CRP is produced in large amounts in response to most 
forms of tissue injury, inflammation and infection, its 
circulating concentration is extremely low in normal healthy 
subjects and in most individuals in the general 
population (38, 39) . Until recently these low levels were not 
considered to be of any clinical significance and the 
generally available assays for CRP were designed only to 
detect and measure circulating CRP when the concentration 
exceeded 5 or even 10 mg/1, representing the 90-99^^ centile 
of the range found in healthy subjects- However a large 
body of work has accumulated since our original discoveries, 
starting in 1994(40), that shows convincingly that even 
within the reference range for CRP, among values previously 
considered to be ^^normal", increased production of CRP is 
very significantly associated with atherothrombotic events, 
including myocardial infarction, stroke and progression of 
vascular disease (41-49) . 

The mechanisms underlying the association between even 
modestly increased CRP production and development, 
progression arid complications of atherosclerosis, are not 
known. However it is likely to be highly relevant that 
atherosclerosis is known to be an inflammatory condition, 
and that CRP and activated complement are co-deposited in 
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virtually all atheromatous plaques (29, 50) . Furthermore/ CRP 
selectively binds to low density lipoprotein (LDL), the 
major lipoprotein that accumulates in the arterial lesions 
of atherosclerosis (4, 5) , and binding of CRP to ^'modified", 
that is partly degraded, LDL such as is found in the 
plaques, potently activates complement (51) . CRP promotes 
uptake of • native LDL by macrophages and vascular smooth 
muscle cells in vitro to form foam cells, that are typical 
and important pathological features of atherosclerotic 
lesions in vivo. Finally there is evidence that CRP can 
stimulate macrophages, which are the most abundant cells 
infiltrating atheromatous plaques, to produce tissue factor 
(TF) (52) . TF is the initiator of blood coagulation 
responsible for initiation of the thrombus formation on 
ruptured plaques that actually occludes atherosclerotic 
arteries and precipitates myocardial infarction or stroke. 
CRP may thus directly contribute to the pathogenesis, 
progression and clinically significant complications of 
atherosclerosis . 

Once myocardial infarction has occurred, all patients mount 
a major acute phase response of CRP and the peak value 
attained is very significantly prognostic of outcome, that 
is complications and death, over the ensuing days, weeks and 
months (53-59) . Given the universal co-deposition of CRP 
and activated complement within the infarct itself, this 
strongly suggests that CRP contributes importantly to the 
extent and severity of the ischaemic pathology (28, 60, 61) . 
CRP values, and particularly cumulative production of CRP 
over time, are also very significantly predictive of 
progression, severity and complications of chronic 
inflammatory diseases of unknown aetiology, such as 
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rheumatoid arthritis (62) and Crohn's disease, of acute and 
chronic bacterial, viral, fungal and parasitic infections, 
of ischaemic and necrotic diseases such as acute , 
pancreatitis, and of many forms of cancer (reviewed in 
(1,2)). Even in the context of elective surgery, 
pre-operative CRP values and post-operative CRP production 
predict complications and outcome (63). Our observations in 
atherosclerosis, and especially in the rat model of 
myocardial infarction exacerbated by human CRP, now indicate 
that CRP may actually be actively contributing to disease 
severity in all these different conditions 

In a further embodiment, the inflammatory and/or tissue 
damaging condition is selected from an infection, an 
allergic complication of infection, an inflammatory disease, 
ischaemic or other necrosis, traumatic tissue damage and 
malignant neoplasia. 

For example, where the condition is an infection, this may 
be a non-protozoal infection such as a bacterial or viral 
infection. Where the condition is an allergic complication 
of infection, this may be selected from rheumatic fever, 
glomerulonephritis and erythema nodosum leprosum. Where the 
condition is an inflammatory disease, this may be selected 
from rheumatoid arthritis, juvenile chronic (rheumatoid) 
arthritis, ankylosing spondylitis, psoriatic arthritis, 
systemic vasculitis, polymyalgia rheumatica, Reiter's 
disease, Crohn's disease and familial Mediterranean fever. 
Where the condition involves ischaemic or other necrosis 
selected from myocardial infarction, ischaemic stroke, 
tumour embolization and acute pancreatitis. Where the 
condition is traumatic, this may be • selected from acute or 
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elective surgery, burns, chemical or physical injury, and 
fractures. Where the condition is malignant neoplasia, this 
may be selected from lymphoma, Hodgkin's disease, carcinoma 
and sarcoma. 

According to the present invention, drugs that either 
inhibit the binding of CRP to its ligands in vivo, and/or 
that reduce its availability for such binding in vivo, will 
block, the contribution of CRP to pathogenesis of disease and 
will thereby reduce extent and severity of disease, reducing 
symptoms and prolonging survival. The present invention 
provides compounds with such effects, for the preparation of 
a composition for the prevention and/or treatment of 
atherosclerosis and its complications, including myocardial 
infarction, stroke and peripheral vascular disease, acute 
and chronic inflammatory diseases of known and unknown 
aetiology, acute and chronic infections of all types, 
traumatic injuries including burns, acute and elective 
surgery, malignant neoplasia of all types, and all disease 
conditions associated with increased CRP production. 

In the agents of the present invention, although the ligands 
may be directly linked together by a covalent bond, the 
ligands are preferably covalently co-linked by a linker. 
This enables the ligands to be sufficiently spatially 
separated whereby a plurality of target proteins may be 
bound to the agent without one protein hindering the binding 
of the other protein or proteins. The exact structure of 
the linker is not critical although it is typically 
preferred not to include reactive groups. The linker may 
comprise a linear or branched hydrocarbylene which may have 
one or more of its carbon atoms optionally substituted by a 



wo 03/097104 



PCT/GB03/02096 



9 

heteroatoin. The linker may have a chain length in the range 
2 to 20 atoms although a preferred range is 5 to 7 atoms. 
Useful chain length and chemical composition may be 
determined empirically depending on the proteins with which 
the agent is to be complexed. Where the agent has two 
ligands, the linker is typically linear; a preferred general 
structure is ligand-linker-ligand. This is conveniently 
denoted a '"palindrome" for the purposes of the present 
application. The linker may comprise one or more double 
bonds, as discussed in further detail below. Where the 
linker comprises at least two double bonds these may be 
conjugated and are preferably trans to one another. 
Alternatively^ the linker comprises one or more arylene 
groups, for example as -Ar-Ar- moiety. The arylene groups 
may be heteroarylene groups. Preferably, the arylene groups 
are 

Other structures involving three, four or more ligands with 
an appropriate branched chain linker are also contemplated 
where three, four or more target proteins could form a 
complex. For example, the linker may comprise a cyclic core 
substituted on one face thereof by a plurality of 
substituent groups each comprising a ligand capable of being 
bound by ligand binding sites present on CRP and substituted 
on the other face thereof by a ligand capable of being bound 
either by ligand binding sites present on CRP or by ligand 
binding sites present on SAP. 

The ligand used in the agent of the present invention may be 
selected from the ligands known to be bound by the CRP 
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ligand binding site, ligands predicted to be bound by that 
site, for example on the basis of structural information 
available on the binding site such as X-ray crystallographic 
information, or structural analogues thereof. Suitable 
compounds can be identified by high throughput screening of 
chemical libraries and/or structure based molecular design. 
The affinity of each individual ligand-CRP binding site 
interaction does not need to be particularly high provided 
that the ligand is specific for each target protein. It is 
possible that a dissociation constant of up to 10 millimolar 
would suffice. However, it is preferred that the 
dissociation constant is no more than 1 millimolar, more 
preferably less than 100 micromolar, most preferably less 
than 10 micromolar. The affinity is preferably about 

micromolar or higher. Micromolar affinity has been found to 
be sufficient in the case of CRP, althouigh the highest 
possible affinity is clearly desirable - 

In a further aspect, the present invention provides a method 
for selecting a pharmaceutical compound for treating or 
preventing tissue damage in a subject having an inflammatory 
and/or tissue damaging condition, .which comprises contacting 
C-reactive protein (CRP) with a test ligand thereof under 
conditions to permit CRP ligand binding, in the presence of 
a test compound; and selecting the test compound as the 
pharmaceutical compound if the test compound inhibits 
binding of CRP to the test ligand. The test compound 
comprises a plurality of ligands which are the same or 
different and which are covalently co-linked so as to form a 
complex with a plurality of CRP molecules. 
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The present invention further provides a process for the 
production of a pharmaceutical agent. This process 
comprises (1) identifying a pharmaceutical compound by 
selecting the compound as described above; and (2) producing 
a pharmaceutical agent by .providing a pharmaceutical 
compound or a pharmaceutical-acceptable derivative thereof. 

The present invention is therefore concerned with a method 
for selecting a pharmaceutical compound which includes 
testing for CRP ligand binding in the presence of a test 
compound. Any test compound which inhibits binding of CRP 
to the test ligand is selected as a potential 
pharmaceutical. For example, the test compound may be 
selected in the sense that it is identified and can then be 
produced on a larger scale by chemical or biochemical 
synthesis or may be physically selected for direct 
formulation as a pharmaceutical. In accordance with the 
process for production of the pharmaceutical agent, the test 
compound may be formulated for pharmaceutical use or may be 
derivatised or chemically modified to produce a 
pharmaceut ically-acceptable derivative thereof . Such 
derivatisation may simply be required to incorporate new 
functional groups or alter existing functional groups to 
make the agent easier to formulate, for example by altering 
the solubility of the compound. Derivatisation of this 
nature may be used to decrease the toxicity of the compound, 
to alter the stability of the compound or even to modify the 
pharmacological activity thereof. Any such derivatised or 
modified compound may need to be retested according to the 
method of the present invention. This process can equally 
be applied to the agent of the present invention in order to 
improve its pharmaceutical properties. 
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In the step of contacting CRP with the test ligand, the 
conditions must be sufficient to permit CRP ligand binding 
in the absence of the test compound. In this way, where CRP 
ligand binding does not occur in the presence of the test 
compound, or occurs to a smaller extent than expected, this 
effect can be attributed to the test, compound. It should be 
noted here that inhibition of binding should be broadly 
construed and is not limited to any particular mechanism; 
any reduction of the extent of binding constitutes 
inhibition of binding according to the present invention. 
Inhibition of binding is generally measured with reference 
to a control value (maximum binding in absence of test 
compound) and it is preferred that the IC50 be low 
micromolar or less, more preferably nanomolar or less. 
Contacting takes place under conditions which include 
sufficient free calcium ions to permit the specific calcium 
dependent binding of CRP. A preferred buffer for the 
contacting is physiological buffered saline. CRP may be 
provided in pure or isolated form or incorporated in whole 
serum. 

The order in which the CRP, test ligand and test compound 
are contacted together is not critical. All three 
components can be mixed at essentially the same time or two 
of the three components can be mixed and perhaps pre- 
incubated before addition of the third component. 
Contacting generally takes place under conditions in which 
at least one of the components is in the liquid phase. It 
is convenient, however, for either the CRP or the test 
ligand to form part of a solid phase so that, in the testing 
procedure, phase separation can be used as a technique to 
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separate bound species from unbound species to facilitate 
testing for the extent of CRP ligand binding. 

Accordingly, it is preferred that a first component 
comprising one of CRP or the test ligand is present as part 
of a solid phase, which is contacted with a second component 
comprising the other as part of a liquid phase. The step of 
testing for CRP ligand binding may then comprise detecting 
binding of the second component to the solid phase. 
Detecting binding of the second component to the solid phase 
may be effected either by detecting the presence of the 
second component on the solid phase or by determining the 
amount of second component unbound to the solid phase and 
deducing from the amount of second component originally 
applied to the solid phase the amount actually binding to 
the solid phase. 

According to this embodiment, the solid phase preferably 
comprises the first component attached to a solid support, 
which solid support may comprise a particulate support or a 
solid surface. In a convenient embodiment, the solid 
surface comprises an interior surface of the container such 
as a microtitre plate well. 

Conveniently, the step of testing for CRP ligand binding 
further comprises washing the solid phase to remove unbound 
material . 

The second component may be labelled with a detectable label 
such as a radiolabel, a fluorochrome or an enzyme, as 
discussed herein. Alternatively, the binding of the second 
component to the solid phase may be detected immunologically 
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either by antibody binding to the second component as bound 
to the solid phase or by quantitative immunological 
determination of the amount of second component not bound to 
the solid phase. 

The present invention provides in vitro spot tests, low 
throughput, and high throughput screening procedures for 
detecting compounds with the capacity to inhibit binding of 
CRP, from man or other animals, to any and all of its known 
biological and chemical ligands. These methods are suitable 
for screening compound libraries of natural compounds of 
organic, inorganic and biological origin, as well as 
chemical libraries created by conventional synthesis or any 
form of combinatorial chemistry. They are also suitable for 
analysis of the mechanism of inhibition of CRP binding, and 
for evaluation of potency of inhibition during chemical and 
medicinal chemistry development of potential or actual 
pharmaceutical products from lead compounds identified by 
screening or spot testing. The present invention also 
comprises in vivo methods for testing effects and potency of 
CRP-inhibitory compounds on CRP binding, plasma turnover and 
catabolism in man and experimental animals, and on 
experimental models of disease that are exacerbated by human 
CRP. 

Accordingly, in a further aspect, the present invention 
provides a method for selecting a pharmaceutical compound 
for treating or preventing tissue damage from a plurality of 
test compounds which comprises providing an array of 
reaction zones and a plurality of test compounds, and 
selecting the pharmaceutical compound by performing the 
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above method of selecting the compound in each reaction 
zone. 

In a preferred embodiment, each ligand of the agent 
according to the present invention independently has the 
general formula 

0 

II 

-X-P-O-R 



in which X is 0 or CH2-CH2 and R comprises an amine. In the 
present context, the amine may be a primary, secondary or 
tertiary amine, or a quarternary ammonium. The amine may be 
aliphatic or aromatic, including heterocyclic compounds in 
which the nitrogen group is part of a ring. The amine may 
be linked to the -0- by an alkylene group such as a 
methylene or ethylene group, which groups may optionally be 
substituted with a substituent such as a 3 hydroxy, 1- 
cyclopentanyl or 4 hydroxy, 1-cyclohexanyl substituent. 
Preferably, the amine comprises a trimethylammoniiam, an 
amino methyl dimethyl ammonixim or NH2. Examples of these 
ligands are presented below as compounds 2, 3, 7 and 8 and 
are discussed in further detail in the Examples. In a 
particularly preferred embodiment, each ligand comprises a 
[ (trimethylammonium) ethoxyl phosphinyl] oxy group. In this 
way, the agent preferably comprises 1^6- 

bis [ { [ (trimethylammonium) ethoxy ] phosphinyl } -oxy] hexane , 
colloquially phosphocholine-hexane-phosphocholine, 
abbreviated here as PCHPC. Examples of these ligands are 
presented below as compounds 2, 3, 7 and 8 and are discussed 
in further detail in the Examples- 
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In a further embodiment, ' the amine may comprise an indole, 
adenine or guanine. Examples of such ligands are presented 
in the Examples as compound nos. 1, 5 and 6. 

Pharmaceutical compositions may be formulated comprising an 
agent according to the present, invention optionally 
incorporating a pharmaceut ically-acceptable excipient , 
diluent or carrier. The pharmaceutical compositions may be 
in the form of a prodrug comprising the agent or a 
derivative thereof Which becomes. " active only when 
metabolised by the recipient. The exact nature and 
quantities of the components of such pharmaceutical 
compositions may be determined empirically and will depend 
in part upon the route of administration of the composition. 
Routes of administration to recipients include oral, buccal, 
sublingual, by inhalation, topical (including ophthalmic) , 
rectal, vaginal, nasal and parenteral (including 
intravenous, intra-arterial, intra-muscular, subcutaneous 
and intra-articular) For convenience of use, dosages 
according to the present invention are preferably 
administered orally but this will depend on the actual drug 
and its bioavailability. 

Brief Description of the Drawings 

The invention will now be described in further detail, by 
way of example only and with reference to the accompanying 
drawings and the following Examples. 
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Figure 1 shows inhibition of CRP binding to immobilised CPS 
by phosphocholine and PCHPC (lot number GP44), showing 10 
fold lower IC50 for PCHPC than phosphocholine. 

Figure 2 shows a visualisation of pairs of CRP molecules 
cross-linked by PCHPC, in • which Fig. 2a shows negatively 
stained electron micrographs of human native pentameric CRP 
alone. Fig. 2b shows dimers of CRP formed after mixing with 
PCHPC, and Fig. 2c shows a ribbon representation of the 
X-ray crystal structure of the CRP-PCHPC complex, showing 
two pentameric CRP molecules interacting face to face; the 
pair of calcium atoms in the ligand binding pocket of each 
protomer are shown as spheres. The structure corresponding 
to the electron density of the PCHPC molecules is not shown. 

Figure 3 shows the effect of PCHPC (lot number RMM) on CRP 
concentration measured by Mliyi. 

Figure 4 shows activation of complement component C3 in 
whole serum shown by 2D immunoelectrophoresis, and its 
inhibition by PCHPC. 

Figure 5 shows foam cell formation by vascular smooth muscle 
cells cultured In vitro with low density lipoprotein (LDL) 
and CRP. 

Figure 6 shows inhibition of foam cell formation by vascular 
smooth muscle cells cultured in vitro in the presence of LDL 
and CRP, together with PCHPC. 

Figure 7 shows the effect of CRP on vascular response .to 
phenylephrine (PE) and inhibition by PCHPC. 
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Figure 8 shows that CRP protects mice against lethal 
infection with Streptococcus pneumoniae. 

Figure 9 shows that PCHPC completely abrogates the 
protective effect of CRP against lethal infection with 
Streptococcus pneumoniae in vivo. 



Figure 10 shows that PCHPC does not affect the clearance of 
human CRP from the circulation of mice in vivo, shown in 
Fig. 10(a) by electroimmunoassay, despite initially 
complexing with the CRP, as shown clearly in Fig. 10(b) 
below by loss of CRP immunoreactivity in the MIRA assay. 

Detailed Description of the Invention 

Examples 

The physiological moiety bound by CRP with greatest affinity 
is phosphocholine that is a component of some of the 
extrinsic and some of the autologous macromolecular ligands 
of CRP. According to one embodiment of the present 
invention, bis-phosphocholine molecules comprising two 
phosphocholine head groups joined by a linker structure, are 
potent inhibitors of CRP binding to all of its ligands, both 
in vitro and in vivo. A typical example of this invention 
is 1, 6-bis [ { t (trimethylammonium) ethoxy ] phosphinyl } - 

oxy] hexane, colloquially phosphocholine-hexane- 

phosphocholine, abbreviated here as PCHPC. The structure 
and a typical synthesis of this molecule are as shown below. 

1,6-Bis[{ [ (trimethylammonium) ethoxy] phosphinyl} -oxy] hexane 
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Reagents and Conditions: 0) ethylene chbrophosphste, K2CO3. DCM/THF. -KTCto RT.6 h 
OD MeCN.MesN, 100^ (micfowave heating), sealed tube. X mins. 

Ethylene chlorophosphate (19.34 mL, 0.212 mol) was added 
dropwise to a stirring suspension of anhydrous potassium 
carbonate (29.84 g, 0.216 mol) in freshly distilled 
dichloromethane (50 mL) at -10 "C under an atmosphere of 
argon. A solution of hexane 1,6-diol (5 g, 42.34 ramol) in 
freshly distilled tetratiydrofuran (10 mL) was added dropwise 
to this mixture over 10 minutes, and the resultant 
suspension was stirred at -10 *C. The reaction was warmed to 
25 *C over a period of 4 h. After 6 h, t.l.c. indicated the 
presence of a major compound and no starting material. The 
reaction mixture was diluted with dichloromethane (250 mL) , 
filtered and poured into pH 7 buffer solution (200 mL) . The 
organic layer was washed with saturated sodium hydrogen 
carbonate solution (200 mL) and the aqueous layers extracted 
with dichloromethane (100 mL) and chloroform (100 mL) . The 
combined organic layers were dried (MgS04) , filtered 
(solvent: dichloromethane) and concentrated in vacuo to 
yield the bisphosphate ester as a pale yellow oil. This oil 
{circa 9 g) was dissolved in anhydrous acetonitrile (60 mL) 
and distributed between 30 Smith Process Vials"* (5 mL 
capacity). Trimethylamine (2 mL, -10 'C) was added to each 
vessel before the vials were sealed and heated to 100 "C for 
30 minutes under microwave irradiation (300 W) . After 
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cooling^ the vials were vented (caution!), combined 
(solvent: methanol), concentrated in vacuo and dried 
exhaustively under high vacuum to afford 1,6- 
bis [ { [ (trimethylammonium) ethoxy ] phosphinyl } -oxy] hexane , as a 
pale yellow foam (11.8 g) . 

General experimental procedures. Microwave heating 
experiments were performed on a Personal Chemistry Smith 
Synthesizer in dedicated glassware (available from Personal 
Chemistry, Uppsala, Sweden) . Analytical thin layer 

chromatography was performed on precoated glass-backed 
plates (Merck Kieselgel 60 F254) . Visualization was 
accomplished with an aqueous solution of ammonium molybdate 
or potassium permanganate, followed by heating, ■ All 
moisture and/or air sensitive reactions were conducted in 
oven-dried (150*0) glassware under an inert atmosphere of 
argon. Acetonitrile and dichloromethane were distilled from 
calcium hydride. Tetrahydrofuran was distilled from sodium 
in the presence of benzophenone- Other reagents and 
solvents were used as supplied or purified using standard 
procedures. Buffer pH 7 was prepared by dissolving 
potassium dihydrogen orthophosphate (212.5 g) and sodium 
hydroxide (36.25 g) in water (2375 mL) . 

An improved synthetic procedure is described below. 



Ethylene chlorophosphate (15.1 g, 106 mmol, 5 eq) was added 
drop-wise to a stirring suspension of anhydrous potassium 





HO, 




iii) trimefliylaniiiie 
hf(WI000C.30iiun 
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carbonate (14 g, 107.6 iratiol, 5.1 eq) in freshly distilled 
dichloromethane (20 mL) at -lO^'C under an atmosphere of 
argon. A solution of 1, 6-hexanediol (2.5 g, 22 mmol) in 
freshly distilled tetrahydrofuran (10 mL) was added drop- 
wise to this mixture over 10 minutes and the resultant 
suspension was stirred at -10°C. The reaction was warmed to 
25°C over a period of 4 h. After 16 h, the reaction 
appeared complete by LC-MS. To the reaction mixture was 
added (2-Aminoethyl) -aminoethyl polystyrene resin (ca. 22 
g of a 2.8 mM/g loaded polymer, equivalent to 62 mmol of 
theoretical unreacted ethylene chlorophosphate) and the 
resulting mixture stirred at 20^C for 15 mins. After this 
time, the mixture was filtered through a sinter funnel and 
the filtrate was evaporated to yield the biphosphate ester 
as a pale yellow oil (quantitative). Some of this oil (ca. 
4 g) was dissolved in anhydrous acetonitrile (40 mL) and 
distributed between 20 Smith Process Vials™ (5 mL 
capacity). Cold, condensed, trimethylamine (2 mL) was added 
to each vial before the vials were sealed and heated to 
100°C for 30 mins under microwave irradiation (300 W) . 
After cooling, the vials were vented (caution!) and the 
supernatants combined. The residue left at the bottom of 
each vial was dissolved in methanol and combined with the 
supernatants which were evaporated and dried exhaustively 
under high vacuum to yield 

1, 6-bis [ { [ (trimethylammonium) ethoxy]phosphinyi}-oxy]hexane 
as a pale yellow foam (6 g, quantitative). IH NMR (400 MHz, 
MeOD) : 4.27 (2H, br, CH2CH2N) , 3.89 (2H, m, CH2CH2N), 3.65 
(2H, br, CH20P(0)02CH2CH2N), 3.24 (9H, s, N(CH3)3)/ 1>65 (2H, 
br, CH2CH2CH2OP) , 1.45 {2H, br, CH2CH2CH2OP) . 

The potent capacity of PCHPC to inhibit binding in vitro of 
CRP to its best known extrinsic macromolecular ligand, ' 
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pneumococcal somatic C-polysaccharide (CPS) , is illustrated 
in Fig. 1, CPS was covalently immobilised on plastic 
microtitre plates and typical calcium-dependent binding to 
it of ^^^I-labelled pure human CRP was readily demonstrable. 
This binding was clearly inhibited by phosphocholine itself 
in solution, with an IC50 of about 20 [M, whilst, in 
contrast, PCHPC inhibited CRP binding with a tenfold lower 
IC50 of about 2 ^iM (Fig. 1) - Furthermore direct measurement 
by isothermal microcalorimetry of the for PCHPC with CRP 
gave values in replicate experiments of 0.469, 0.679, 0.73 
and 0.855 pM, compared to- values for Ka of phosphocholine 
with CRP of 1.6, 2.02 and 3.8 nM. 

The greater potency of PCHPC as a ligand for, and an 
inhibitor of, CRP binding, compared to free phosphocholine 
itself, reflects the bifunctional, palindromic, nature of 
the PCHPC molecule. The presence at each end of the linker 
moiety of a phosphocholine residue, recognised and able to 
be bound by the ligand binding pocket present in each 
protomer of the pentameric CRP molecule, enables PCHPC to 
bridge across and cross link pairs of CRP molecules- This 
capacity for multiple interactions greatly enhances the 
avidity of the interaction between PCHPC and CRP. The 
ligand binding sites on each of the 5 protomers in the CRP 
molecule are all on the same face of the disc-like 
pentameric assembly of the native protein. Cross linking of 
pairs of CRP molecules by PCHPC molecules also thus further 
reduces availability of CRP for binding to other ligands by 
occluding the binding or 'B' face of the protein. In 
overwhelming molar excess of PCHPC, every ligand binding 
site on CRP is occupied by an individual PCHPC molecule, no 
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cross linking of pairs of CRP molecules can occur, and 
therefore the CRP remains in its native single pentameric 
form. Free phosphocholine is bound by CRP but being 
^mpnomeric' it cannot cross link pairs of CRP molecules. 
These effects are shown by molecular sieve chromatography 
that distinguishes clearly between the native single 
pentameric assembly of CRP and the pairs of such pentamers 
that have been dimerised by the drug. Importantly with 
respect to the capacity of PCHPC to act as an inhibitor of 
potentially pathogenic CRP binding in vivo, the same effects 
are observed with isolated pure CRP in aqueous buffer and 
with CRP in the physiological milieu of whole serum. 

Table. Effect of PCHPC on molecular assembly of CRP 
revealed by gel filtration chromatography 

Molar excess of PCHPC Molecular assembly of CRP 

or free phosphocholine 

No drug Single pentamers 

Equimolar PCHPC Decameric dimers 

10 fold excess of PCHPC Decameric dimers 

10 fold excess of phosphocholine Single pentamers 

1,000 fold excess of PCHPC Decameric dimers 

10,000 fold excess of PCHPC Single pentamers 

These effects are absolutely calcium dependent. In the 
absence of free calcium ions, PCHPC has no effect on 
molecular assembly of CRP 



Mass spectrometry analysis provides further precise evidence 
for calcium-dependent complexes between CRP and PCHPC, 
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Examination of isolated pure native huunan CRP in solution in 
the absence of calcium, with or without PCHPC, reveals the 
presence predominantly of the expected pentamers, with Mr 
close to the calculated value for 5 protomers each of 
Mr 23027 according to the known covalent structure. Small 
traces of higher Mr species corresponding precisely to 
decamers are also present. In the presence of both PCHPC 
and calcium ions, however^ the decameric species 
predominates and has a higher Mr than the decamers seen in 
pure CRP alone. The difference in Mr between the decamers 
of CRP alone and those formed with PCHPC and calcium is in 
the range of 2840-2890, corresponding most closely to 5 
PCHPC molecules (Mr 44 8 each) and 20 calcium ions (Mr 40 
each) per pair of CRP pentamers. 

The pairing of CRP molecules by PCHPC is also graphically 
demonstrable by direct electron microscopy as shown in 
Fig. 2b. Furthermore the structure of the CRP-PCHPC complex 
solved by X-ray crystallography shows pairs of pentameric 
CRP molecules interacting face to face (Fig. 2c), exactly as 
predicted by the design of the PCHPC molecule according to 
the present invention. 

The Roche MIRA automated immunoassay for CRP (64) depends on 
recognition by a monoclonal antibody of a calcium-dependent 
epitope on the CRP molecule- The fomation by PCHPC of CRP 
dimers in which the calcium-dependent ligand binding site is 
occluded, masks this epitope and makes the CRP-PCHPC complex 
undetectable in the assay (Fig. 3) , This provides a 
convenient method for demonstration of such complexes, 
generated in vitro or in vivo. This is shown in Fig. 3 in 
which CRP concentration is measured by MIRA in the presence 
of PCHPC (lot number RMM) solid line, compared to effect of 



wo 03/097104 



PCT/GB03/02096 



25 

free phosphocholine, broken line. Identical results were 
obtained with isolated pure CRP and with CRP in whole acute 
phase serum. 

A major mechanism by which the pro-inflammatory, tissue 
damaging effects of CRP is mediated in vivo, is via 
activation of the complement system. It is therefore 
critical that drugs, according to the present invention, 
that block such adverse effects of CRP should inhibit 
complement activation by CRP. PCHPC is potent in this 
respect as shown in Fig. 4. Figure 4 shows activation of 
complement component 03 in whole serum shown by 2D 
Immunoelectrophoresis, and its inhibition by PCHPC. Upper 
left, normal human serum (NHS) incubated alone at 4**C showing 
no C3 activation; upper right, NHS incubated at 37 ^'C with 
CRP and CPS showing complete activation of C3; lower left, 
NHS incubated alone at 37**C showing no C3 activation; lower 
right, NHS incubated at 37**C with CRP and CPS together with 
PCHPC, showing almost complete inhibition of C3 activation. 

It is also critical that drugs, according to the present 
invention, should block other pathogenetic effects of CRP. 
The accumulation of LDL within the cytoplasm of macrophages 
and vascular smooth muscle cells to form foam cells is a 
characteristic feature of atherosclerotic plaques. When 
such cells are cultured with LDL in vitro they do not form 
foam cells unless the cells are stimulated by exposure to 
pro-inflammatory cytokines or other cell activating agents. 
However addition of CRP to cells cultured with LDL leads to 
foam cell formation in the absence of any other stimulating 
or activating agents (Fig. 5), and if this occurred in vivo 
it would provide a mechanism by which increased CRP 
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production could be directly pro-atherogenic- Figure 5 
shows foam cell formation by vascular smooth muscle cells 
cultured in vitro with low density lipoprotein (LDL) and 
CRP. Ingested and retained intracellular LDL is stained 
with Oil Red 0 dye. In the absence of CRP, LDL alone does 
not accumulate in the cells. Importantly, addition of PCHPC 
to cultures of smooth muscle cells including both LDL and 
CRP, effectively inhibits the formation of foam cells 
(Fig, 6). 

It is generally accepted that endothelial dysfunction, 
commonly recognised as relative failure of appropriate 
vascular relaxation and dilatation in vivo, is associated 
with development and progression of atherosclerosis leading 
to cardiovascular disease. Reduction of appropriate 
production of nitric oxide is, in turn, associated with such 
failure of vascular dilatation and it has been claimed that 
CRP reduces nitric oxide production in blood vessel walls 
and endothelial cells in vitro. However our own studies 
have shown very reproducibly that human CRP actually reduces 
the vasoconstrictor response of human and rat blood vessels 
exposed to phenylephrine in vitro, as a result of increased 
nitric oxide production mediated by up-regulation of eNOS 
(Fig. 7). It is not clear what pathophysiological 

significance this effect of CRP may have in relation to 
atherosclerosis or other pathologies in vivo. However, it 
is a robust biological action of CRP, and it is therefore a 
very important proof of principle, according to the present 
invention, that it is completely abrogated by inclusion of 
PCHPC in the experiment (Fig. 7). 
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Figure 7 shows the effect of CRP on vascular response to 
phenylephrine (PE) and inhibition by PCHPC. Contraction of 
the explanted artery in response to PE is significantly 
reduced by addition of CRP to the culture medium. This is- 
due to upregulation of eNOS by CRP (data not shown here) and 
correspondingly increased production of NO (data not shown) , 
which is a vascular relaxant. The effect of CRP is 
completely inhibited by addition of PCHPC (lot number RMM) • 

Administration in vivo of PCHPC to mice previously injected 
with human CRP, leads to formation of PCHPC-CRP complexes 
that are demonstrable in the circulation. Thus there is 
loss of CRP reactivity in the MIRA assay whilst full 
reactivity of the CRP is retained in electroimmunoassay for 
CRP using polyclonal antibodies. The electroimmunoassay is 
run in the presence of EDTA that chelates calcium and 
releases CRP from the complexes. Furthermore, after 
administration of PCHPC to mice injected with human CRP, the 
CRP in the serum fails to bind ex vivo to 
phosphoethanolamine immobilised on Sepharose beads. For 
example, in serum from a mouse given human CRP but no drug, 
96% of the CRP at 45 mg/1 bound to Sepharose-PE, whereas 
with serum from a mouse given a single dose of PCHPC as well 
as CRP, only 17% of 47 mg/1 was able to bind to 
Sepharose-PE. 

Clinical efficacy of PCHPC, according to the present 
invention, requires that PCHPC not only block binding of CRP 
to its ligands in vivo, but that this also abrogates 
biological effects of CRP in vivo. It has long been known 
that administration of human CRP to mice can protect the 
animals against lethal infection with Streptococcus 



wo 03/097104 



PCT/GB03/02096 



28 

pneumoniae, and a typical example of such protection is 
shown in Fig. 8. 

When mice infected with Streptococcus pneumoniae and also 
receiving human CRP are given repeated injections of PCHPC, 
the CRP mediated protection is completely abrogated, as 
shown in Fig. 9, These observations clearly show that PCHPC 
potently abrogates a powerful in vivo biological action of 
human CRP and is therefore a suitable compound for use 
according to the present invention. 

Although PCHPC inhibits complement activation by CRP, and 
forms complexes with CRP in vitro and in vivo, that block 
binding of CRP to other ligands in vitro and in vivo, 
administration of PCHPC in vivo does not affect the rate of 
clearance of CRP from the circulation, as shown in the upper 
panel of Fig. 10(a). When the same samples from this 
experiment are measured in the MIRA assay for CRP 
(Fig- 10(b),), the effect of the drug in forming complexes 
with CRP and thereby abolishing its iramunoreactivity in this 
assay is evident. However, the PCHPC itself is rapidly 
cleared and after 4 hours the human CRP circulating in the 
mice becomes fully detectable in the MIRA assay, clearing at 
the same rate as in untreated control animals. 

The failure of PCHPC to affect clearance of human CRP from 
the plasma of mice, despite formation of drug-CRP complexes, 
is consistent with published work showing that human CRP is 
always cleared at a constant fast rate in normal human 
subjects and in patients with a range of different diseases 
(31) . Also studies in experimental animals similarly show 
that human CRP is always cleared at the same rate. 
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regardless of the presence even of avid macromolecular 
ligands, such as CPS (65) . This phenomenon contrasts 
sharply with the behaviour in vivo of the closely related 
molecule, serum amyloid P component (SAP) , the other member 
of the human pentraxin protein family. SAP shares with CRP 
the homopentameric structure consisting of 5 identical 
protomers non-covalently associated in a disc like 
configuration, with a single calcium-dependent ligand 
binding site on one face of each subunit. However, when the 
palindromic molecule, (R) -1- [6- [ (R) -2-Carboxy-pyrrolidin-l- 
yl] -6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid 
(abbreviated as CPHPC), which is recognised and bound by 
SAP, forms complexes with SAP comprising pairs of SAP 
molecules cross linked by CPHPC, these complexes are very 
rapidly cleared from the circulation in vivo (66,67). The 
handling of aggregated human SAP in vivo may thus differ 
markedly from that of aggregated CRP. Alternatively, the 
complexes between CRP and PCHPC may be less stable than 
those formed by SAP and CPHPC. The affinity of binding, 
measured by isothermal calorimetry is 10 nM for SAP and 
CPHPC compared to 400 nM for CRP and PCHPC. Mouse SAP binds 
less avidly to all ligands than does human SAP, and 
administration of CPHPC to mice does not accelerate 
clearance of mouse SAP in vivo, whereas it dramatically 
clears human SAP expressed in h\aman SAP transgenic mice 
(67) . Thus compounds that are both bound by CRP with higher 
affinity and that cross-link it in more avid stable 
complexes, may cause accelerated clearance from the plasma 
in vivo. 

Compounds that, like PCHPC, not only inhibit ligand binding 
by CRP but also promote accelerated clearance of CRP, 
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thereby rendering it unavailable for production of adverse, 
pathogenetic, effects are desirable according to the present 
invention. Such compounds . are characterised by high 
affinity binding by CRP, by virtue of accessory interactions 
with the protein, in addition to recognition of the 
phosphocholine head group in the calcium-dependent binding 
pocket. For example, there is a small hydrophobic cleft 
adjacent to phosphocholine binding site, that can 
accommodate a methyl or other small hydrophobic group, and 
attachment of a suitably-placed group at each end of the 
PCHPC molecule markedly increases the affinity of binding by. 
CRP (68). Binding affinity and the avidity of formation of 
drug-CRP complexes are also increased by modification of the 
aliphatic linker between the two phosphocholine head groups, 
for example, altering the length of the chain, including 
double bonds to rigidify it in optimal conformations, 
inclusion of aromatic groups and of side chains that can 
generate drug protein interactions additional to the 
calcium-dependent binding of phosphocholine. 

More specifically, an important component of the 
calcium-dependent binding of phosphocholine in the ligand 
binding pocket of CRP is the electrostatic interaction 
between the quaternary ammonium of choline and residue 
Glu81. This charge interaction is maintained in 

bisphosphoethanolamine compounds with longer chain lengths 
than the 6 carbons in PCHPC, for example with 7 or more 
carbon atoms, and such compounds of the general formula 
shown below are desirable according to the present 
invention. 



H2N*-(CH2)2-O-P(O2)"-0-(CH2>n-0-P(02)''-0-(CH2)2-N*H2 n=7 or >7 
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Other phosphate containing head groups that can be made 
palindromic according to the present invention are shown 
below. Compounds 1, 5 and 6 provide a ring stacking with 
Trp66 in the CRP ligand binding pocket, and thereby 
increasing binding affinity, whilst maintaining the calcium 
coordination. Compounds 5 and 6 also enable the formation 
of hydrogen bonds between ring nitrogens and polar groups 
that interact with the quaternary nitrogen of phosphocholine 
in its complex with CRP (68) . 

Another variation that increases affinity of binding is 
replacement with an amino group of one of the hydrogen atoms 
on one of the methyl groups on each of the quaternary 
nitrogens of the bisphosphocholine structure. This enables 
hydrogen bonding to residues Ser68 and/or Ser74 that are 
close to the choline head group and thereby produce/s higher 
affinity binding that is desirable according to the present 
invention. The head group with this structure is shown at 2 
in the structural formulae below. Compounds 3 and 8 have 
the same desirable substitution in the choline group and 
also include five or six membered ring sidegroups, 
respectively, that pack into the ligand binding pocket of 
CRP and form additional hydrogen bonds to the critical polar 
residue Thr76 that constitutes one of the pocket walls, as 
explained further below. Compound 7 advantageously provides 
a hydroxy-proline like ring that can hydrogen bond to Thr7 6, 
the positively charged amino group is smaller than the 
choline quaternary nitrogen and enables the whole head group 
to fit more snugly into the pocket. This yields high 
affinity binding that is desirable according to the present 
invention. 
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Compound 4 is a D-proline derivative that provides a 
carboxylate instead of a phosphate acidic group, and has an 
extended amino group that reaches over to the glutamate 
residue that normally binds the positive N of choline. The 
carbon atom preceding the carboxyl, arrowed in the 
structural formulae, is the attachment site for the linker. 
For all the other head groups shown the linker is attached 
via the hydroxyl group of the phosphate, as in PCHPC. 



2 



3 




5 



6 



7 



8 



OH 
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The calcium-dependent ligand binding pocket for 
phosphocholine in CRP (68) is slightly larger than the 
calcium-dependent ligand binding pocket of SAP that binds a 
D-proline residue (67). The CRP pocket also has a polar 
side by virtue of the replacement of residues Tyr74, Tyr64 
and Leu62 that line the SAP pocket, and bind 3 of the 4 
proline carbons, by CRP residue Thr76. In order to fill the 
CRP pocket it is necessary to overcome its closeness to the 
calcium atoms which critically ligate the phosphate or other 
acidic moiety. In phosphate esters the extra 0 atom in the 
chain displaces the head group, and branch substituents 
added to the linker^ from the pocket. Replacement of the O 
ester atom by a. 2 carbon fragment enables a polar branch 
moiety at the end of the linker to enter the pocket and 
hydrogen bond to Thr74, thereby creating higher affinity 
binding. Palindromic compounds of this type are therefore 
desirable according to the present invention. 

With regard to the linker chain, the 6 carbon length in 
PCHPC is optimised on the position of the calcium-dependent 
ligand binding sites on the CRP protomers, that are tipped 
away from the five fold axis of the intact pentamer (68), 
but a chain comprising 5 or 7 methylene groups is also 
desirable according to the present invention. With 5 
methylenes more pentamer-pentamer contacts are permitted, 
and these desirably increase the avidity of binding. With 7 
methylene groups the linker can buckle to optimise 
positioning of the phosphocholine head group in the ligand 
binding pocket, and thereby desirably increase binding 
affinity. Inclusion in the linker chain of double bonds, to 
reduce flexibility, desirably increases binding avidity and 
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also improves pharmacological properties. An example of 
such a compound and its synthesis are shown below. 




Diethyl- trans- trans-muconic acid. To a solution of trans- 
trans-muconic acid (2.0 g, 9.71 mmol) in absolute ethanol 
(10 mL) was added concentrated sulfuric acid (1 mL) and the 
resulting mixture heated at reflux for 16 h. The resulting 
solution was diluted with saturated sodium hydrogen 
carbonate until just basic. The solid that was formed was 
filtered and recrystallised from ethanol : water (1:1) to 
yield a white crystalline solid (1.8 g, 64%), IH NMR (400 
MHz, CDCI3) 7.29 (2H, m, =CH) , 6,19 (2H, m, ^CH) , 4.22 (2H, 
q, J 12, CH2), 1.31 (3H, t, J 12, CH3) , trans-trans- 
Muconol.' To a stirring solution of diethyl- trans-tra/is- 
muconic acid (1.67 q, 8.4 mmol) in anhydrous dichloromethane 
(60 mL) was added an ethereal solution of dibutylaluminium 
hydride (1.0 M, 33.6 mL, 4 eq) via a syringe pump over a 
period of 30 mins. After addition was complete, the yellow 
solution was allowed to warm to 20^C and stirred for 8 h. 
After this time, the reaction was quenched with excess 
methanol (250 mL) to destroy any unreacted dibutylaluminium 
hydride and the mixture allowed to stir for 1 h. After this 
time, the resulting suspension was filtered, the filtrate 
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kept separate and the residue ground in a mortar with more 
methanol which was again filtered through celite and 
combined with the initial filtrate. The combined organic 
layers were dried (MgS04) , filtered and evaporated to give a 
yellow oil which was purified by flash col\jmn chromatography 
(Ethyl acetate: petroleum ether, 7:3). The phosphocholine 
ligand head groups were then attached to the terminal 
hydroxyl groups of the trans- trans-muconol, precisely as 
described above for the synthesis of PCHPC. 

Another linker that is desirable according to the present 
invention includes aryl components that promote higher 
affinity binding of the phosphocholine head groups by CRP 
and provide for enhanced drug-protein interactions leading 
to more avid and effective complex formation as well as 
improved pharmacological properties. An example of the 
synthetic pathway for such a compound is shown below, in 
which creation of the linker as a suitable alcohol is 
followed by the attachment of the phosphocholine head groups 
as described above for PCHPC. 



HO 



asdescrBwd 



Substituents on the linear linker chain are also desirable 
according to the present invention by virtue of their 
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capacity to enable secondary interactions with the CRP 
molecule and thereby increase affinity and avidity of 
binding. The binder may have a hydrophobic substituent at a 
position proximal to each ligand for interaction with the 
ligand binding site present on CRP. An example is shown 
below in which a methyl side chain on the linker carbon atom 
proximal to each phosphocholine head group is suitably 
placed to form a hydrophobic interaction with a small 
hydrophobic pocket in the CRP structure adjacent to the 
calcium-dependent ligand binding site (68) . This 
substantially increases the affinity with which the compound 
is bound by CRP. Synthesis of this compound is shown here. 




(R) -O-tert-butlydimethylsilyl-penten-2-ol. A solution of 
(JR)-(-)-penten-2-ol (2 mL, 19.4 mmol), triethylamine (5.4 
mL, 38.9 mmol) and DMAP (0.237 q, 1.94 nrniol) in 
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dichloromethane (25 mL) was cooled to 0**C, followed by the 
addition of a solution of TBDMS chloride (3 •SI g, 25.3 
mmol) . The mixture was allowed to warm to 20°C and stirred 
for 17 h, whereupon saturated ammonium chloride was added 
(100 mL) and the aqueous layer extracted with ethyl acetate 
(2 X 100 mL) . The combined organic phases were dried 
(MgS04), filtered and evaporated to give a clear oil which 
was purified by flash column chromatography (petroleum ether 
40-60, 100%) to give a clear oil (3 q, 11%). 0,0-2, 7-di- 
(tert-butlydimethylsilyl) -oct-4-ene. To a solution of {R)- 
O-tert-butlydimethylsilyl-penten-2-ol (2 g, 10 mmol) in DCM 
(60 mL) was added Grubb's 1^^ generation catalyst (0.206 g, 
25 mol%) and the resulting mixture heated at reflux for 16 
h. After this time the reaction was diluted with water (100 
mL) and the aqueous layer extracted with ethyl acetate (2 x 
100 mL) . The combined organic layers were dried (MgS04) , 
filtered and evaporated to give a black oil which was 
purified by flash column chromatography (hexane, 100%) to 
give a clear oil. Subsequent reduction and hydrolysis yield 
the desired linker as an alcohol suitable for attachment of 
the phosphocholine head groups as described for PCHPC. 

Multimeric drug compounds with multiple phosphocholine or 
other head groups bound by CRP, appropriately spaced to 
interact with more than one protomer on each pair of CRP 
molecules in the drug cross-linked dimer, produce very avid 
and stable drug-CRP complexes, and are desirable according 
to the present invention. In particular, compounds with 
ligand head groups in an array appropriately spaced to be 
bound by each of the five ligand binding pockets on the 
planar binding (B) face of the CRP molecule are desirable 
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for the greatly increased avidity engendered by such 
multiple interactions. 

Another approach to inhibition and clearance of CRP 
according to the present invention^ is to use a 
hetisrobifunctional compound with phosphocholine, or any one 
of the various different head, groups described above that 
are recognised by CRP, as one head group and D-proline, 
recognised by SAP, as the other head group. A typical 
example of this type of structure, shown below. 




produces mixed complexes comprising one CRP and one SAP 
molecule crpss-linked by the drug- Binding of the 
phosphocholine or related head group by CRP inhibits the 
capacity of CRP to interact with other ligands, occlusion of 
the B face of the CRP molecule enhances this inhibition, 
and, importantly, complexing and aggregation with SAP 
creates a complex that is recognised as abnormal in vivo and 
is promptly cleared from the circulation. Such clearance 
further enhances the potency of the drug, according to the 
present invention, in abrogating the adverse, pathogenetic, 
effects of CRP and thereby in ameliorating disease. 



As described above with respect to PCHPC, occlusion of the B 
face of the CRP molecule, that bears the epitopes recognised 
by one of the monoclonal anti-CRP antibodies in the MIRA 
assay for CRP, reduces the amount of CRP that is detected in 
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this assay. Similarly, the heterobifunctional ligand 
compound shown here, D-Pro-hexanoyl-phosphocholine (DPHPC) , 
that is bound by CRP via the phosphocholine group, slightly 
reduces apparent CRP concentration in the MIRA assay when 
added to isolated pure CRP, presumably by simple steric 
hindrance. However in the presence of pure SAP, DPHPC 
reduces the MIRA CRP concentration dramatically and in a 
dose dependent fashion. In a typical experiment with CRP at 
100 mg/1, approximating to 4 pM, and DPHPC at 4 mM, the MIRA 
value was reduced by 91%, but with DPHPC at 400 nM there was 
no effect. When SAP was also present at 100 mg/1, 
approximating to 4 jiM, the MIRA CRP concentration was 
reduced by 99% with 4 mM DPHPC, by 89% with 2 mM DPHPC, and 
by 58% with 400 |iM DPHPC, This powerful effect is also 
dependent on the SAP concentration. For example, in another 
typical experiment with approximately 4 |liM CRP and 1 raM 
DPHPC, MIRA CRP concentration was reduced by 62%. However, 
with SAP also present at about 4 nM, the MIRA CRP value was 
reduced by 85%; with SAP at 2 pM the reduction was 73%, and 
with SAP at either 800 nM or 400 nM it was 61%, that is the 
same as without any SAP. Importantly, DPHPC has the same 
effect of producing mixed CRP-SAP complexes, in which the 
CRP is not detected in the MIRA assays, when the drug is 
added to whole serum containing equimolar amounts of CRP and 
SAP. Thus in whole serum containing approximately 4 |iM CRP, 
addition of 4 mM DPHPC reduced by 19% the concentration of 
CRP detectable in the MIRA assay. In the absence of DPHPC, 
addition of SAP to a final concentration of . about 4 \M had 
no effect and all the CRP present was detected by MIRA. 
However when DPHPC was added at 4 mM to serum containing SAP 
and CRP both at around 4 pM, the MIRA CRP value was reduced 
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by 44%. With 2 SAP the reduction fell to 29%, and at 
lower SAP concentrations there was no enhancement of the 
effect of DPHPC alone - 

Multimeric compounds capable of being bound by both CRP and 
SAP provide for higher avidity interactions and are 
therefore more stable mixed complexes of CRP and SAP 
molecules. This inhibits CRP binding more effectively and 
also more efficiently promotes clearance of CRP. Such 
compounds are desirable according to the present invention. 
A typical example is shown below in which the ligand head 
groups are appropriately spaced to interact with each of the 
five ligand binding pockets on the B face of CRP and SAP 
respectively. The D-proline head groups, recognised by SAP, 
are on one face of the compound while the . phosphocholine 
head groups (indicated by R in the diagram) , recognised by 
CRP, are on the opposite face. 




4' 
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The first stage of the synthesis of this compound is shown 
here, comprising formation of the ring, above, and 
attachment of the phosphocholine head groups, below. 
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CLAIMS: 

1. An agent for use in medicine, which agent comprises a 
plurality of ligands covalently co-linked so as to form a 
complex with a plurality of C-reactive protein (CRP) 
molecules in the presence thereof, wherein (i) at least two 
of the ligands are the same or different and are capable of 
being bound by ligand binding sites present on the CRP 
molecules; or (ii) at least one of the ligands is capable of 
being bound by a ligand binding site present on a CRP 
molecule, and at least one other of the ligands is capable 
of being bound by a ligand binding site present on a serum 
amyloid P component (SAP) molecule. 

2. Agent according to claim 1, wherein each ligand 
independently has the general formula 

0 

II 

-X-P-O-R 

U 

in which X is 0 or CH2-CH2 and R comprises an amine- 
s' Agent according to claim 2, wherein the amine is linked 
to -0- by a methylene or ethylene group which is optionally 
substituted with a substituent. 
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4. Agent according to claim 3, wherein the amine comprises 
a trimethylammonium, an aminomethyl dimethylainmonium or NH2. 

5. Agent according to claim 4, wherein each ligand 
comprises a [ (trimethylammonium) ethoxyl phosphinyl] oxy 
group . 

6. Agent according to claim 5, which comprises PCHPC or a 
pharmaceutically-acceptable derivative or salt thereof. 

7. Agent according to claim 3, wherein the amine comprises 
an indole, adenine or guanine. 

8. Agent according to claim 1, wherein each ligand is 
selected from 




5 




o 



6 



3 




7 



HO 



4 




6 
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9. Agent according to claim 1, wherein the ligand which is 
capable of being bound by a ligand binding site present on 
SAP comprises a D-proline ligand. 

10. Agent according to claim 9, wherein the ligand which is 
capable of being bound by a ligand binding site present on 
CRP is as defined in any of claims 2 to 8. 

11. Agent according to claim 10, which comprises 




or a pharmaceutically-acceptable derivative or salt thereof. 

12. Agent according to any of claims 1 to 10, wherein the 
ligands are covalently co-linked by a linker. 

13. Agent according to claim 12, wherein the linker 
comprises a linear or branched hydrocarbylene in which one 
or more of the carbon atoms thereof is optionally 
substituted by a heteroatom. 

14. Agent according to claim 12 or claim 13, which has two 
ligands- 
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15. Agent according to claim 14, which has the general 
structure : 



16. Agent according to claim 15, wherein the linker has a 
chain length of from 5 to 7 atoms. 

17. Agent according to any of claims 12 to 16, wherein the 
linker comprises one or more double bonds. 

18. Agent according to claim 17, wherein the linker 
comprises at least two double bonds, which are conjugated. 

19. Agent according to claim 18, wherein the double bonds 
are trans to one another. 

20. Agent according to claim 19, which comprises 



Ligand - linker - Ligand 




21. Agent according to any of claims 12 to 16, wherein the 



linker comprises one or more arylene groups. 
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22. Agent according to claim 21, wherein the linker 
comprises an -Ar-Ar- moiety • 

23. Agent according to claim 22, wherein the -Ar-Ar- moiety 
is 



or a pharmaceutically-acceptable derivative or salt thereof. 

25. Agent according to claim 12 or claim 13, wherein the 
linker comprises a cyclic core substituted on one face 
thereof by a plurality of substituent groups each comprising 
a ligand capable of being bound by ligand binding sites 
present on CRP and substituted on the other face thereof by 
a ligand capable of being bound either by ligand binding 
sites present on CRP or by ligand binding sites present on 
SAP. 




24 • Agent according to claim 23, which comprises 




26. Agent according to claim 25, which comprises 
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or a pharmaceutically-acceptable derivative or salt thereof. 

27. Agent according to any of claims 12 to 26, wherein the 
linker has a hydrophobic substituent at a position proximal 
to each ligand for interaction with the ligand binding site 
present on CRP. 

28. Agent according to claim 27, wherein the hydrophobic 
substituent is a methyl group. 

29. Agent according to claim 28, which comprises 



wo 03/097104 



PCT/GB03/02096 



60 



e 

Me3N 




NMe3 



or a pharmaceutically-acceptable derivative or salt thereof . 

30. Use of an agent for the preparation of a composition 
for the treatment or prevention of tissue damage in a 
subject having an inflammatory and/or tissue damaging 
condition^ which agent is as defined in any preceding claim. 

31. Use according to claim 30, wherein the inflammatory 
and/or tissue damaging condition comprises atherosclerosis. 

32; Use according to claim 30, wherein the inflammatory 
and/or tissue damaging condition is selected from an 
infection, an . allergic complication of infection, an 
inflammatory disease, ischemic or other necrosis, traumatic 
tissue damage and malignant neoplasia. 

33. Use according to claim 32, wherein the condition is an 
infection selected from a bacterial infection, a viral 
infection, and a parasitic infection. 

34. Use according to claim 32, wherein the condition is an 
allergic complication of infection selected from rheumatic 
fever, glomerulonephritis, and erythema nodosum leprosum. 
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35. Use according to claim 32, wherein the condition is an 
inflammatory disease selected from rheumatoid arthritis, 
juvenile chronic (rhexamatoid) arthritis, ankylosing 
spondylitis, psoriatic arthritis, systemic vasculitis, 
polymyalgia rheumatica, Reiter's disease, Crohn's disease 
and familial Mediterranean fever, 

36. Use according to claim 32, wherein the condition is 
tissue necrosis selected from myocardial infarction, 
ischaemic stroke, tumour embolization and acute 
pancreatitis. 

37. Use according to claim 32, wherein the condition is 
trauma selected from elective surgery, burns, chemical 
injury, fractures and compression injury. 

38. Use according to claim 32, wherein the condition is 
malignant neoplasia selected from lymphoma, Hodgkin's 
disease, carcinoma and sarcoma. 

39. A method for selecting a pharmaceutical compound for 
treating or preventing tissue damage in a subject having an 
inflammatory and/or tissue damaging condition, which 
comprises contacting C-reactive protein (CRP) with a test 
ligand thereof under conditions to permit CRP ligand 
binding, in the presence of a test compound; and selecting 
the test compound as the pharmaceutical compound if the test 
compound inhibits binding of CRP to the test ligand, wherein 
the test compound comprises a plurality of ligands which are 
the same or different and which are covalently co-linked so 
as to form a complex with a plurality of CRP molecules, or 
with a combination of CRP and SAP molecules. 
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40. A method according to claim 39, . wherein a first 
component comprising one of CRP or the test ligand is 
present as part of a solid phase, which is contacted with a 
second component comprising the other as part of a liquid 
phase; and the step of testing for CRP ligand binding 
comprises detecting binding of the second component to the 
solid phase. 

41. A method for selecting a pharmaceutical compound for 
treating or preventing tissue damage from a plurality of 
test compounds, which comprises providing an array of 
reaction zones and a plurality of test compounds, and 
selecting the pharmaceutical compound by performing the 
method of claim 39 in each reaction zone. 

42. A process for the production of a pharmaceutical agent, 
which process comprises (i) identifying a pharmaceutical 
compound by selecting the compound according to the method 
of claim 39; and (ii) producing a pharmaceutical agent by 
providing the pharmaceutical compound or a pharmaceutical ly- 
acceptable derivative thereof. 
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